A major characteristic of age-related changes in memory in rodents is an increase in the rate of forgetting of new information, even when tests given soon after training reveal intact memory. Interference with CREB functions similarly results in rapid decay of memory. Using quantitative immunocytochemistry, the present experiment examined the number of CREB-and pCREB-immunoreactive neurons in three regions of the dorsal and ventral hippocampus (dentate gyrus, CA3, and CA1) as a function of age and training. Rats were trained in a social transmission of food preference task. Using different food pairings, memory was tested in each rat immediately and 1, 2, 3, and 7 d later. Both young and old rats had intact and comparable memory scores at the immediate and 24-h tests, but old rats exhibited more rapid forgetting thereafter relative to that of young rats. The main findings were that training resulted in large increases in the number of pCREB-immunoreactive cells throughout the hippocampus in both young and aged rats. However, particularly in the ventral hippocampus, the training-elicited increase in pCREB-positive neurons was significantly lower in old than in young rats. Based on Western blot analyses in a separate set of rats, CREB levels were not responsive to training but were lower in the ventral hippocampus of old rats than of young rats. The present findings suggest that lower activation of CREB after training may contribute to the rapid forgetting seen in aged rats.
Rats and mice exhibit age-related impairments in learning and memory on many tasks. Often, the impairments can be characterized in terms of rapid forgetting, in which aged rats and mice have relatively comparable learning and memory on tests soon after training, but poor memory at later times after training (Barnes and McNaughton 1985; Winocur 1988; Korol and Gold 1998; Foster 1999; Gold 2001; Korol 2002) . There are many such examples of accelerated forgetting in aged rodents, with specific time courses that differ by task. Memory for inhibitory avoidance training, which remains stable for weeks after training in young rats, is intact only during the first few hours after training and then deteriorates over the next hours and days (Gold et al. 1982) . Rapid forgetting is also evident in the swim task, in which learning within a day appears to be forgotten overnight by aged but not young rats (Gage et al. 1984; Rapp et al. 1987; Mabry et al. 1996) . Similarly, young and aged rats have comparable memory scores on a reward reduction task when tested 1 d after training, but aged and not young rats exhibit forgetting when tested 7 d after training (Salinas and Gold 2005) . Other examples include more rapid forgetting in aged than young rats and mice on visual discriminated avoidance (Gold et al. 1982) , spatial (Barnes and McNaughton 1985) , spatial reversal (Zornetzer et al. 1982) , spontaneous alternation (Stone et al. 1992) , odor-reward association (Roman et al. 1996) , and eye-blink classical conditioning (Solomon et al. 1995) tasks.
Rapid forgetting seen during aging is analogous to similar findings seen after many treatments that interfere with cell and molecular processes associated with the formation of new memories. Rapidly decaying memory is seen after administration of protein synthesis inhibitors, ERK/MAPK inhibitors, and inhibitors of transcription factors, such as cAMP response elementbinding protein (CREB), and is also seen in several knockout and transgenic mice with alterations aimed at these and other molecular targets (e.g., Goelet et al. 1986; Yin and Tully 1996; Guzowski and McGaugh 1997; Silva et al. 1998; Houpt and Berlin 1999; Schulz et al. 1999; Guzowski et al. 2000; McGaugh 2000; Kandel 2001; Stanciu et al. 2001; Taubenfeld et al. 2001; Izquierdo et al. 2002; Kelly et al. 2003; Apergis-Schoute et al. 2005; Trifilieff et al. 2006) ; these findings are generally described as reflecting decay of short-term memory processes.
Of particular relevance to the present report, considerable evidence suggests that CREB is a transcription factor important to the formation of durable memories, perhaps converting rapidly decaying memories and short-term potentiation to more permanent forms (Dash et al. 1990; Impey et al. 1996 Impey et al. , 1998 Silva et al. 1998; Schulz et al. 1999) . For example, CREB knockout mice have intact memory for 30-60 min after training, but impaired memory 24 h or more after training (e.g., Kogan et al. 2000; Frankland et al. 2004) . Also, after administration of CREB antisense into the hippocampus, rats exhibit intact memory up to 4 h after training, but impaired memory 48 h after training (Guzowski and McGaugh 1997) . Similarly, overexpression in the hippocampus of a mutant form of CREB that interferes with CREB functions results in memory that is evident in rats tested at 30 min after training, but not at 11 d after training in a social transmission of food preference similar to that used in the present experiment .
The parallels between the rapid forgetting in these experiments and those seen in aged rodents suggest that similar cellular mechanisms may contribute to rapid forgetting seen both after interference with molecular cascades involved in memory formation and in aged rats and mice. A few studies have examined CREB functions in aged rodents (cf. Lund et al. 2004) . Aged rats display decreased basal forebrain and hippocampus CREB-DNA binding (Asanuma et al. 1996) . Expression of phosphorylated CREB (pCREB) appears to be reduced in the hippocampus of aged rats (Foster et al. 2001; Brightwell et al. 2004; Kudo et al. 2005 ; but see also Monti et al. 2005) . Also, aged rats with poor spatial memory have hippocampal CREB levels lower than those of aged rats with good spatial memory (Brightwell et al. 2004 ). Thus, age-related differences in the expression of CREB and pCREB may contribute to the rapid forgetting that is characteristic of aged rodents.
The present experiment examines forgetting and associated changes in CREB and pCREB in rats trained on a social transmission of food preference (STFP) task (Galef and Whiskin 2003) . In this task, an observer rat is allowed to interact with a demonstrator rat that had recently eaten a novel food. After the social interaction, observer rats prefer the demonstrated food to a new food. Training in the STFP task results, in young rats, in phosphorylation of CREB in the hippocampus ). Memory in this task is sensitive to damage of several brain regions, including the hippocampus (Winocur and Moscovitch 1999; Alvarez et al. 2002; Clark et al. 2002; Roberts and Shapiro 2002; Ross and Eichenbaum 2006) . Interestingly, hippocampal lesions prior to training lead to rapid forgetting in this task (Winocur 1990; Bunsey and Eichenbaum 1995; Winocur et al. 2001) .
The findings of the present experiment show that aged rats forget the STFP task more rapidly than do young rats. In addition, although phosphorylation of CREB in response to training is evident in the hippocampus of both young and old rats, posttraining expression of pCREB increases significantly less in the ventral hippocampus of aged rats than that of young rats.
Results

Forgetting rates in young and old rats
Old rats exhibited faster forgetting after training than did young rats. As shown in Figure 1 , both the young and aged rats showed significant preferences (scores >50%) for the demonstrated food when tested immediately after training. The preferences were maintained in both age groups at the 24-h test. At both the immediate and 24-h tests, the percent of demonstrated food eaten was comparable across the age groups (Ps > 0.2).
The retention curves diverged by age at later intervals between training and testing, with the young rats exhibiting stronger preferences than those of the aged rats for the demonstrated food at both 48 and 72 h after training (Ps < 0.05). A similar trend remained after a 1-wk training-testing interval (P < 0.1).
A repeated measures ANOVA revealed a significant effect of age (F (1,17) = 8.04; P < 0.02) and delay (F (1,4) = 6.50; P < 0.002). The interaction of delay ‫ן‬ age was not statistically significant (F (1,4) = 1.48; P > 0.2), reflecting the forgetting that was evident in both groups, though forgetting was more rapid in the aged rats when analyzed by group comparisons as above.
Examination of memory across the aged rats revealed a high degree of individual variability as is often reported in aging experiments (cf. Gallagher and Rapp 1997) . When tested at training-test intervals from immediate to 3 d, no young rats showed forgetting, defined here as <5% preference for the demonstrated food. At 7 d, three young rats exhibited forgetting. When tested immediately after training, all aged rats showed a preference for the demonstrated food. The number of old rats exhibiting forgetting increased with time after training, from one at 24 h, to four at 48 and 72 h, to six of the nine rats tested at 1 wk. Importantly, this was not simple variability at each time point but represented accrual of the same rats exhibiting forgetting over time; the rats that showed forgetting at short training-testing intervals also showed forgetting at longer intervals.
CREB-and pCREB-positive cells as a function of age and training
The main findings were: (1) Counts of CREB-immunoreactive cells differed by age only in ventral hippocampus CA3.
(2) Counts of pCREB-immunoreactive cells were higher in young than old rats in dorsal CA1 and ventral dentate gyrus under both trained and untrained conditions. (3) pCREB-, but not CREB-, immunoreactive cells increased with training in both young and old rats in most hippocampal regions tested. (4) In young versus old rats, training resulted in greater increases in pCREB-positive cells in ventral hippocampus dentate gyrus, CA3 and CA1, and in dorsal hippocampus CA1. Ratios of pCREB/CREB were also examined; these values added no significant information to the results apparent in the CREB and pCREB analyses and are therefore not reported here. Figure 2 shows representative photomicrographs demonstrating differences by age and training in pCREB immunoreactivity in ventral CA3.
CREB
As shown in Figure 3 , the numbers of CREB-positive cells in the ventral hippocampus were generally comparable in CA1 and dentate gyrus samples across age and training conditions Figure 1 . Demonstrated food consumed as percent of total food consumed during memory tests for young adult and aged rats. No evidence of preference would be 50%. Note that aged rats forgot the socially transmitted food preference more rapidly than did young adult rats. (*) P < 0.05 young vs. old. At the 1-wk interval, P = 0.09. Figure 2 . Photomicrographs representing pCREB-immunostained cells in CA3 of untrained and trained, young and old rats. Note that training resulted in an increase in pCREB-immunoreactive cell numbers in both old and young rats. However, the magnitude of increase was greater in young than old rats.
(Ps > 0.1). However, young rats had a higher number of CREBpositive cells than did aged rats in the ventral CA3 measures. This difference was significant within the trained animals and overall by age (F (1,28) = 8.92; P < 0.01). CREB-positive cells in the dorsal hippocampus did not differ by age or training in any brain area tested (Fig. 4) .
pCREB
The results obtained with counts of pCREB-positive cells in the ventral hippocampus are shown in Figure 5 . The effect most evident in Figure 5 is that training resulted in dramatic increases in the number of pCREB-positive cells throughout the ventral hippocampus in both age groups (all Ps < 0.05 vs. respective untrained same-age controls). In untrained rats, there was a significant effect of age only in the dentate gyrus (F (1,28) = 5.48; P < 0.05). Trained rats exhibited effects of age in all three sampling regions (Ps < 0.05), with a significant interaction of age ‫ן‬ training evident in CA1 (F (1,28) = 4.51; P < 0.05), a trend toward interaction in CA3 (F (1,28) = 3.66; P < 0.07), but no significant interaction in the dentate gyrus (F (1,28) = 2.57; P < 0.2).
The dorsal hippocampus results for pCREB-positive cell counts are shown in Figure 6 . As in the ventral hippocampus, the dorsal hippocampus showed large increases in the number of pCREB-positive cells in CA3 and CA1 in both young and aged rats (all Ps < 0.001 vs. respective untrained same-age controls) but, in contrast to the results obtained in the other regions sampled, the number of pCREB-positive cells in the dorsal hippocampus dentate gyrus did not increase in response to training (Ps > 0.1). In the dorsal hippocampus of untrained rats, there was a significant effect of age only in CA1 (F 1,32 = 176.83, P < 0.001); this effect was evident in both untrained and trained rats (Ps < 0.05).
Western blot analyses of age-and training-related differences in expression of CREB in the hippocampus
The results of the Western blot analyses are shown in Figure 7 . Aged rats, whether trained or not, had significantly lower levels of CREB protein in the ventral hippocampus than did young rats (Ps < 0.05). CREB levels did not differ by training condition in either young or old rats (Ps > 0.5). There were no differences in CREB levels in the dorsal hippocampus as a function of either age or training (Ps > 0.5).
These findings match the cell counts described above, with the Western blot results showing lower CREB levels in the ventral hippocampus of aged versus young rats, but similar levels in the dorsal hippocampus. The immunocytochemistry described earlier suggests that the age-related decrease in CREB levels in the ventral hippocampus is largely the result of decreases in CA3.
Multiple correlations were performed to determine whether total CREB protein levels in the dorsal and/or ventral hippocampus of either aged or young rats were correlated with memory at any of the training-testing delays tested. No significant correlations were observed (data not shown).
Discussion
The behavioral findings of these experiments show that young and old rats acquire and remember the odor demonstrated during STFP training about equally for up to 24 h. The similar performance at these times suggests that performance variables, such as decreased sensory acuity, locomotor activity, or engagement in social interaction, do not account for the differences at later time points after training. Beyond 24 h, old rats exhibit poor memory when compared with that of young rats. Thus, this task adds to those on which rapid forgetting is a key characteristic of age-related changes in memory (Barnes 1979; Barnes and McNaughton 1985; Winocur 1988; Korol and Gold 1998; Gold 2001 Gold , 2005 Korol 2002) . Many experiments examine individual differences in memory in aged rodents by identifying memoryimpaired versus unimpaired rats at single time points, often in the swim task (Gallagher and Nicolle 1993; Gallagher and Rapp 1997) . However, the memory-impaired rats identified with this method of assessment are not always matched by impairments on other tasks (Markowska et al. 1989; Lamberty and Gower 1992; Gower and Lamberty 1993) . Perhaps individual differences would be more coherent across tasks if the rates of forgetting were examined, as compared with the more usual single memory tests at a fixed time after training. The social transmission task, as used here with repeated training and variable test intervals, enables identification of individual differences in rates of forgetting. As seen in the growing number of old rats exhibiting forgetting at different intervals after training, there is also considerable spread of forgetting rates across the rats.
Thus, the findings that old rats exhibit rapid forgetting suggest that the rate of forgetting, rather than memory at any one time after training, may be a useful approach with which to sort rats with and without age-related memory impairments. A demonstration of the utility of forgetting rates to identify individual differences in aged rats was seen in an early study on aging and memory in rats (Barnes and McNaughton 1985) in which the rate of forgetting after training on the Barnes circular platform was correlated with the rate of decay of long-term potentiation (LTP). Importantly, in that experiment the actual rates of forgetting and LTP decay were quite different but were rank-ordered similarly across the aged rats tested. Thus, there was significant correspondence of the rates of forgetting and decay across memory and neural plasticity measures, a relationship that might not be evident if single time points were used to assess impairments of memory and LTP.
The number of cells positive for pCREB, but not CREB, increased dramatically after training in both young and old rats throughout most of the hippocampus. These findings are consistent with past results showing pCREB responses to training in a STFP task . In that report, the increase in pCREB-positive cells was generally greater in trained rats than in several controls for social or odor experiences. The major agerelated changes in the immunocytochemistry measures in the present study were the greater training-related increases in pCREB-positive cells in young than in aged rats, especially in the ventral hippocampus. The greater increase of pCREB-positive cells in the ventral hippocampus than in dorsal hippocampus is consistent with past findings in young adult rats . Using lesion analyses, damage to the dorsal or ventral hippocampus, or both, impairs learning and memory of the social transmission of food preference (Winocur 1990; Bunsey and Eichenbaum 1995; Winocur et al. 2001; Alvarez et al. 2002 ; but see also Burton et al. 2000) . The larger training-related increases in pCREB levels seen here in the ventral hippocampus may reflect the involvement of the ventral hippocampus in circuits important for ingestive behaviors (Petrovich et al. 2001) .
pCREB levels in untrained rats were somewhat higher in CA1 of the dorsal hippocampus and in the dentate gyrus of the ventral hippocampus in young rats than in old rats. CREB measures, by counts of CREB-positive cells and by total protein, did not differ substantially by age or by training in the dorsal hippocampus but were lower in the ventral hippocampus. The findings in the dorsal hippocampus that the number of CREBimmunoreactive cells did not differ by age and that pCREBimmunoreactive cells increased less in aged than in young rats are both consistent with results obtained in dorsal CA1 of rats after footshock in a contextual fear conditioning task (Kudo et al. 2005) .
In the present experiment, the principal effects of age and training were in the activation status of CREB, rather than in the protein levels. In particular, it is the decrease in pCREB-positive cells in aged rats after training that may be associated with agerelated changes in memory. Because constitutively expressed CREB is comparable across ages, mechanisms upstream of CREB activation may represent the primary deficit. While the bases for the decreased pCREB responses to training in aged rats are not clear, possible mechanisms include dysregulation of calcium fluxes (e.g., Disterhoft et al. 1994; Thibault et al. 1998; Foster et al. 2001 ) and neurotransmitter and receptor functions, including NMDA receptor changes with age (Wenk and Barnes 2000) , cholinergic coupling to CREB (Dineley et al. 2001 ). More broadly, the age-related decrease in activation of CREB may be general to many signals and to cells in non-neural as well as neural tissues (e.g., Kunieda et al. 2006) . Further, the primary dysfunctions may lie within the elements of the signaling cascades leading to activation of CREB.
Interference with CREB functions often results in rapid rates of forgetting in young rats and mice (Guzowski and McGaugh 1997; Kogan et al. 2000; Frankland et al. 2004; Brightwell et al. 2005 ) that seem generally analogous to the rapid forgetting seen in aged rats. But, the analogy also has an apparent inconsistency between studies of CREB-deficient young animals and the old animals tested here. Specifically, the time courses for decay of memory in studies of young rats and mice with impaired CREB functions are typically on the order of several hours, a time frame considerably shorter than the 24-48 h at which forgetting appeared in aged rats in the present experiment. However, there are several factors that address this issue. First, few studies have carefully examined the time courses of forgetting under conditions of impaired CREB functions. It is possible that the time courses of forgetting in CREB-deficient rats and mice may be quite variable by task and other variables, as they are for protein synthesis inhibitors (cf. Gold 2006) . For example, in studies using cycloheximide or anisomycin to inhibit protein synthesis, the range of times to onset of amnesia range from ∼1 h to 24 h for memory (Quartermain and McEwen 1970; Squire and Barondes 1972) and for decay of long-term potentiation range from ∼10 min to 4 h (Huang et al. 1994; Tang et al. 1999; cf. Gold 2006) . Thus, the time course of decay is not fixed under many other conditions and it seems possible that similar variability will be evident with more extensive tests of CREB dysfunction. With specific regard to social transmission of food preference, there appears to be rapid forgetting in CREB mutant mice (Kogan et al. 1996) . However, in that study, memory was intact on an immediate test and impaired on a test at 24 h; intermediate times were not assessed, thereby leaving unclear the rate of forgetting of the social transmission of food preference in the CREB mutant mice. In addition, the exposure time to the demonstrator was 10 min (two Figure 5 . Counts of pCREB-immunoreactive cells in the ventral hippocampus. Note that training elicited large increases in pCREB-positive cells in both young and old rats; all training-related increases were statistically significant for both young and old rats. In all three regions of the ventral hippocampus, the post-training numbers of pCREB-positive cells were higher in young than in old rats. (*) P < 0.05. Only the dentate gyrus exhibited fewer pCREB-positive cells in untrained old vs. young rats. Figure 6 . Counts of pCREB-immunoreactive cells in the dorsal hippocampus. As in ventral hippocampus, training elicited a large increase in pCREB-positive cells in both young and old rats in CA3 and CA1. However, a training-related increase was not evident in the dentate gyrus of either young or old rats. The numbers of pCREB-positive cells in CA1 were higher in young than in old rats under both untrained and trained conditions. (*) P < 0.05. 5-min exposures with a 1-min interval between them) in the study with CREB mutant mice versus the continuous 30-min exposure here. It seems likely that the rate of forgetting will be a function of the amount of training. An extension of this view is that graded cellular events after training, such as phosphorylation of CREB, may set the conditions for decay of memory in addition to or rather than the conditions for formation of memory.
A second factor may also be important for understanding the relationship between the forgetting time course across days, rather than hours, in aged rats and the decreased levels of pCREB in aged rats. While training-related phosphorylation of CREB was impaired in aged rats, training-induced increases in phosphorylation of CREB were nonetheless readily apparent in the ventral hippocampus of aged rats. Thus, partial impairment of the phosphorylation of CREB may result in more rapid forgetting than if phosphorylation were intact, but slower forgetting than if pCREB were nearly completely eliminated. In this sense, the present findings may be similar to results showing that gene dosage is a key element of memory impairments seen in mice with CREB mutations (Gass et al. 1998) .
Findings from studies of rats with hippocampal lesions may also bear on the relatively rapid forgetting seen in old as compared with young rats. In particular, Winocur et al. (2001) examined the rate of forgetting for social transmission of food preference in rats with lesions of the hippocampus. The findings of this experiment revealed more rapid forgetting in the lesioned rats than in controls, but this was particularly evident beginning several days after training. Perhaps the slow forgetting under conditions of diminished levels of pCREB reflects a function of the hippocampus in regulating the rate of forgetting, a function for which decreases in training-induced expression of pCREB mark the dysfunction of the hippocampus. The extent to which the magnitude and duration of phosphorylation of CREB might contribute to age-related accelerated forgetting will require comparisons of the timing of training-associated pCREB expression in young and old rats, and in aged rats that have rapid or slow forgetting rates.
A few studies have examined the expression of pCREB and other transcription factors a day or more after training. In addition to training-related increases in pCREB that are evident soon after training, there is evidence for longer lasting increases in expression of pCREB. Phosphorylation of CREB appears to follow a biphasic temporal pattern in the hippocampus after induction of long-term potentiation, training, or administration of a stressor, with an early peak followed several hours later by a second peak (Bernabeu et al. 1997; Schulz et al. 1999; Stanciu et al. 2001; Bilang-Bleuel et al. 2002) . Also, CREB phosphorylation can remain up-regulated for more than 24-48 h after long-term potentiation or training (Schulz et al. 1999; Taubenfeld et al. 2001; Bilang-Bleuel et al. 2002; Trifilieff et al. 2006) . Similarly, protein levels of the transcription factors c-Fos and Zif268 are also elevated for at least 24 h after inhibitory avoidance training; moreover, treatments that impair memory also impair the increases in c-Fos and Zif268 seen at 24 h after training (Bekinschtein et al. 2007 ). These findings raise the possibility that there are training-related increases in pCREB and other transcription factors that long outlast the experience and that may be important in regulating and maintaining memory for a considerable time after training. In the present experiment, pCREB was assessed only after a single 1-h delay after training. These diminished pCREB levels seen in aged rats soon after training might predict such changes at 24 h or more after training. The extent to which the magnitude and duration of phosphorylation of CREB might contribute to age-related accelerated forgetting will require comparisons of the timing of training-associated pCREB expression in young and old rats along with the differential rates of forgetting in these rats.
In summary, the present findings show that forgetting of memory for a socially transmitted food preference is more rapid in old than in young rats. In addition, there is a parallel decrease with age in the number of pCREB-positive cells seen after training. With the considerable evidence that activation of CREB at the time of training is important for the maintenance of the learned response, the present results point to a potential relationship between activation of CREB in the hippocampus and rate of forgetting for the STFP task.
Materials and Methods
Subjects
One set of young (3 mo; N = 10) and old (32 mo; N = 9) male Fischer 344 ‫ן‬ Brown Norway F 1 hybrid rats, acquired from NIA, was used in the main behavioral experiment. These rats were also included in the Western blot analyses, with the addition of untrained controls (young and old, Ns = 7). An additional set of rats (young and old, trained and untrained; Ns = 10) was used for immunocytochemistry measures.
Rats were individually housed in plastic-bottom cages in a humidity-and temperature-controlled environment with a 12-h light/dark cycle (lights on at 07:00 h) and with ad libitum access to food and water except as noted behavioral procedures. Beginning 1 wk after arrival at our facility, the rats were handled daily for 5 min/d for 7 d. All behavioral testing was conducted during the light phase of the cycle.
All procedures were approved by the University of Illinois Institutional Animal Care and Use Committee, were conducted in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals, and complied with the National Institutes of Health guidelines for animal care and use.
Social transmission of food preference training
Five days prior to being transferred to the interaction cages, both observer and demonstrator rats were placed on a 22 h/d food deprivation schedule. Prior to training, observer and demonstrator rat dyads were placed into opposite sides of a 42 ‫ן‬ 24 ‫ן‬ 27-cm plastic-bottom interaction cage with sawdust bedding and a wire mesh (1 ‫ן‬ 1-cm openings) screen in the middle. During this preconditioning phase, rat dyads were left undisturbed for 2 d with unlimited access to standard rat chow and water. On day 3, all food was removed from the cages. Training was conducted after 22 h of food deprivation.
For STFP training, the demonstrator rat was removed from the interaction cage and taken to a separate room where it was Figure 7 . Total CREB protein milligram equivalent to standards for the dorsal and ventral hippocampus of trained and control rats (means ‫ע‬ SEM). Note that aged rats had significantly lower levels of total CREB protein in the ventral hippocampus than did young rats. (*) P < 0.05. No effects of training on CREB protein levels were evident.
allowed to eat for 30 min from a food cup containing 10 g of ground chow mixed with a commercially ground spice. Demonstrator rats were then returned to the interaction cages to interact with the observer rats for 30 min through the wire-mesh partition.
Except for the immediate memory tests, observer rats were returned after training to their home cages with ad libitum food and water for a variable delay (1-wk, 72-h, 48-h, 24-h) prior to the recall test for food preference. Between training and memory tests with these delays, food was returned to the home cage and was then removed 22 h prior to the recall test. Each rat was trained on each of five food pairs as shown in Table 1 . These pairs and specific flavor concentrations were based on pilot data indicating that rats sampled the items of each pair approximately equally in the absence of STFP training. First, rats were trained and then tested 7 d later for food preference memory. Next, rats were trained on the second food pairing and were tested 72 h later, followed similarly by 48-h recall, 24-h recall, and immediate tests.
For the memory tests, observer rats were placed into a 42 ‫ן‬ 24 ‫ן‬ 27-cm plastic-bottom cage in which two food cups containing 15 g of either the demonstrated food or the novelflavored rat chow were affixed to opposite ends of the cage. A small ledge in the center of the cage was used to prevent food from mixing. Rats were placed into the cage so that they were straddling the ledge, facing a wall. The rats were allowed to eat from the food cups for 1 h. The amount of each remaining food was weighed, and the amount of each flavored food consumed during test was determined. The behavioral measure was the percent of total food consumed for the demonstrated food: [demonstrated food consumed (g)/total food consumed (g)] ‫ן‬ 100.
Immunocytochemistry
Tissue preparation
Immediately following the final (immediate) test for food preference, trained rats (10 trained young, 10 trained aged), along with eight untrained young and eight untrained old rats, were deeply anesthetized with sodium pentobarbital. Rats were perfused transcardially with 2% sodium nitrate in saline, followed by 4% paraformaldehyde in 0.1 M phosphate buffered saline (PBS). Brains were removed and post-fixed in 4% paraformaldehyde overnight and then transferred to a 20% sucrose/phosphate buffer solution at 4°C until they were sectioned in a cryostat. Coronal sections (50 µm) beginning at ‫0.3מ‬ mm relative to bregma and ending at ‫0.6מ‬ mm relative to bregma were collected in cryoprotectant (30% ethylene glycol, 30% sucrose, 1% polyvinylpyrrolidone 40 kDa in phosphate buffer) and frozen at ‫°02מ‬C until immunoassays were performed.
Immunocytochemistry procedures
Using 24-mm net-wells (Corning), sections were washed four times in 0.05 M PBS before a peroxidase block (1% normal goat serum [NGS] , 0.02% Triton-X [TX], 1% hydrogen peroxide solution in PBS for 10 min) was used to inhibit endogenous peroxidases. Sections were then washed for 15 min in a 2% NGS, 0.4% TX solution in PBS followed by incubation in 1% NGS, 0.04% TX in PBS containing pCREB (1:1000; Upstate) or CREB1 (1:2000; Upstate) rabbit polyclonal antibody for 48 h at 4°C.
Sections were next washed four times with PBS for 15 min each prior to 1 h incubation in biotinylated goat anti-rabbit secondary antibody (1:400 in 1% NGS, 0.2% TX in PBS; Santa Cruz).
Sections were washed again in PBS three times for 5 min each and then processed with avidin-biotinylated horseradish peroxidase complex in PBS (Elite Kit, Vector Laboratories) for 45 min at room temperature. Sections were washed four times for 15 min each in PBS, and the reaction was visualized using diaminobenzidine (DAB Substrate Kit, Vector Laboratories). The reaction was stopped by three 10-min washes in cold 0.01 M PBS, and then sections were mounted on gelatin-coated slides, allowed to dry overnight, and cover-slipped.
Defining regions of interest
The principal cell layers within the hippocampal formation were identified from coronal sections (according to Paxinos and Watson 1998) . The dorsal hippocampal cell counts were taken from coronal sections ranging from ‫06.3מ‬ mm to ‫08.3מ‬ mm relative to bregma, and ventral hippocampal counts were taken from the coronal sections ranging from ‫08.4מ‬ mm to ‫00.6מ‬ mm relative to bregma. The pyramidal cell layer of areas CA1 and CA3 and the granule cell layer of the dentate gyrus (DG) were quantified in both the dorsal and ventral hippocampus (Fig. 8) . For each brain region analyzed, areas measured across all treatment groups were identical in size in order to standardize measurements.
Quantification of CREB-and pCREB-immunoreactive cells
Sections were imaged using a Leica DM 6000B/CTR6000 light microscope and a Leica DFC350 FX video camera, which was interfaced to an EP PC computer. This system was used in conjunction with Leica Application Suite for image acquisition and Scion Image software for cell count quantification. A ‫ן01‬ objective was used to capture all images. Tissue sections were imaged and analyzed using a modification of the procedure established previously (Brown et al. 1998; Countryman et al. 2005) . The immunostained cells were optimized using the density slice feature of Scion Image. Cell counts were taken within the defined regions using a particle range from four to 80 pixels depending on cell field being measured. Figure 8 demonstrates sample quantification regions.
Western blots
Tissue preparation
Following an immediate test for food preference, rats (10 trained young, 10 trained aged, seven cage-control young, seven cage- Samples were taken from the pyramidal cell layers of areas CA1, CA3, and the granular cell layer of the dentate gyrus (DG) for both the dorsal and ventral hippocampus.
control aged) were quickly anesthetized with halothane and decapitated. Bilateral hippocampal dissection was performed on a chilled glass stage. The entire hippocampus was removed (Glowinski and Iverson 1966) and divided into dorsal and ventral portions. The tissue was weighed and homogenized in five volumes of Tris-HCl membrane buffer containing 0.25 M sucrose, 2 mM EDTA, 10 mM EGTA, 5 mM dithiothreitol, 0.234 mM leupeptin, and 1 mM PMSF as described previously (Brightwell et al. 2004) . A fraction of the total homogenate (25 µL) was removed to measure total protein concentrations (Bradford 1976 ). The remaining homogenate was mixed (1:1) with ‫ן2‬ Laemmli sample buffer (0.2 M SDS, 20% glycerol, 10% ␤-mercaptoethanol, 0.004% bromophenol blue, and 1.5% Tris). The samples were boiled for 5 min and stored at ‫°02מ‬C until Western blot analyses.
Analyses
Whole-tissue homogenates from individual rats were normalized by total protein content through dilution with a 1:1 mixture of ‫ן2‬ sample buffer:running buffer. Normalized total homogenate (15 µg/25 µL) was resolved on 10% SDS polyacrylamide gels in triplicate and transferred electrophoretically overnight at 4°C to Immobilon-P transfer membranes (Millipore). Membranes were washed three times for 5 min each in 0.1 M PBS (pH 7.4), blocked three times for 15 min each in 0.1 M PBS containing 5% nonfat dry milk (NFDM) and 0.03% Tween 20, and incubated in primary antibody for CREB for 1.5 h (1:1000; Upstate). This was followed by three more PBS and NFDM-Tween PBS washes, and a 1.5-h incubation in goat anti-rabbit secondary antibody conjugated to horseradish peroxidase (1:10,000; Kierkegard and Perry Laboratories). Following the secondary antibody incubation, the membranes were washed 15 times for 6 min each in 1% Tween 20/0.1 M PBS. All incubations and washes were conducted at room temperature on a slow rocker. Immunoreactive bands were visualized with the ECL enhanced chemiluminescence kit (Amersham Pharmacia Biotech) and filmed using Kodak Scientific imaging film X-OMAT.
Densitometry
X-OMAT films were scanned into a computer, and densitometric analyses were performed using Scion Image. Relative amounts of CREB were determined by regression analysis from a standard curve (5-25 µg) prepared from known concentrations of total protein from naïve animals (Colombo et al. 1997 ).
Data analyses
Behavioral data were analyzed using repeated measure ANOVAs. The immunocytochemistry results were evaluated by ANOVAs for CREB and pCREB in each of six regions of interest, including dentate gyrus, CA3, and CA1 in both dorsal and ventral hippocampus. After the ANOVAs, planned comparisons were made of young untrained versus old untrained, young trained versus old trained, young untrained versus trained, and old untrained versus trained. For Western blots, CREB and pCREB protein levels were analyzed by ANOVAs for dorsal and ventral hippocampus.
